In this study, we developed a wearable electrocardiogram (ECG) sensor with human body communication (HBC) technology for vital data transmission in a car. The ECG signals were modulated with wideband pulse signals between 10 and 60 MHz based on an impulse radio (IR) scheme, which provides a data rate as high as 1.25 Mbps. To apply the HBC-based wearable ECG in a moving car, we employed a moving average algorithm to reduce the noises produced in the received ECG signals due to the car's movement. As a result, we conrmed a real-time ECG transmission of driver in the moving car with a reasonable accuracy.
INTRODUCTION
There is a wide-scale demand for health-state monitoring in various environments [1] [2] . One of them is the monitoring of driver's health-state for safe driving. In this scenario, some vital sign sensors are placed on the driver's body to collect signals such as ECG, blood presser and pulse rate.
The ECG sensor may be embedded in the driver's seat belt, and the access point may be embedded in the steering wheel so that the driver unconsciously wears the sensors and send the data to an access point by a wireless or HBC technology [3] - [5] health-state data collected in the access point and generate warning signs or take automatic control of car, if necessary.
In this study, we develop a wearable ECG sensor with HBC technology for real time monitoring. Instead of a sinusoid signal, digitized ECG signals are modulated with wide band pulses between 10 and 60 MHz, which is known as impulse radio (IR) scheme [6] . Such a wide band transmission can provide advantages such as high data rate and antiinterference feature. Its low power consumption also contributes to a long time use. After the development of the HBC-based wearable ECG, we apply it in a moving car for real time transmission of driver's ECG signals. We introduce a moving average algorithm to reduce the noises produced in the received ECG signals due to the car's movement, and demonstrate the usefulness of the developed wearable ECG in the moving car. 
HBC-BASED WEARABLE ECG

VERIFICATION EXPERIMENT
The validity of the developed HBC-based wearable ECG was veried by comparison of the measured results between our wearable ECG and a commercial available Holter ECG 
ECG TRANSMISSION IN CAR
After the performance validation for our developed wearable ECG, we applied it in a moving car to acquire and transmit the driver's ECG signal to a personal computer in the front of the car. Fig. 3 shows the view of the experiment. The wearable ECG was set on the chest of the driver. When the driver's hand touched the receiver electrodes, his ECG signal was detected and sent to the receiver and then displayed on the PC screen in a real time. lter. Fig. 6 shows the ECG signal after the moving average lter when driving. The ECG signal quality was signicantly improved. Such a lter is easily realized in the receiver side, and it almost does not yield any obvious signal delay. In our experiment, we implemented it in PC by software. The future subject is to further improve the ltering algorithm for removing various possible noises in driving.
CONCLUSION
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